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Il. INFRODUCTION 


During World War II, the U.S Navy and Marine Corps developed the capability to 
conduct amphibious assault, that is, the opposed movement of military forces from ships 
to the enemy shore. This capability required careful load planning and close control of 
landing craft to maximize the rate of force buildup ashore 

In the mid sixties, helicopters became widely available for use in amphibious assaults 
This new tool greatly increased the options available to the Commander, Amphibious Task 
Force (CATF) and Commander, Landing Force (CLF). Small assaults could now be 
launched trom over the horizon, increasing the factor of surprise Additionally, helicopters 
were unaffected by hydrography and beach terrain, opening a much larger portion of the 
world’s beaches to assault. Unfortunately, even the largest helicopters are incapable of 
carrying the heavy equipment necessary to conduct a full-scale assault (the largest helo- 
transportable piece of equipment is the 13 ton Light Armored Vehicle (LAV)), so 
heliborne operations are limited to fairly small raids 

Amphibious assault capability increased in the late eighties when the landing craft. 
air cushioned (LCAC) was introduced to the fleet Like the helicopter, this craft could 
Start from over the horizon, move to the beach at high speed, and cross the high water 
mark for landing, nearly unaffected by hydrography or terrain Like the conventional 
landing craft, the LCAC could carry the heavy loads required for full scale amphibious 
assault This increase in capability has produced a need to re-examine the doctrine of 
landing craft employment. 

Because conventional landing craft moved quite slowly, they were likely to spend 
most of their time in transit to and from the beach Therefore, the amphibious ships 
loading them were frequently idle. In other words, movement of material to the beach was 
constrained by the landing craft. For this reason, it became the policy always to load the 


craft fully. 


When the conventional craft are replaced by LCAC’s, however, the situation may be 
reversed. The LCAC’s spend much less time in transit (at typical distances from the 


beach), so queues of LCAC’s may form either at the beach or at the ships. 


A. GOALS OF THIS RESEARCH. 

The goal of this research ts to investigate the effects of different load policies on the 
total time to complete the offload of amphibious shipping. It will be assumed that the time 
required to load an LCAC 1s a function of the cargo weight to be loaded. An analytical 
model, sufficiently accurate and user-fmendly for fleet use as a decision aid, will be 
developed This decision aid will assist amphibious planners by providing information 


about the effects of foading policy on the time to complete the offload. 


B. OTHER WORK IN THIS AREA. 


A number of CNA research memoranda contain data on LCAC operations. 


Specifically, studies of operation Team Spirit 89 [Ref 1] and Kernel Blitz 87-2 [Ref 2] list 


load weights carried by each LCAC = Load weight vs. onload time for two LCAC operations 
in these exercises and the time "= KB 87-2 
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Horne, ina CNA publication [Ref 3], developed deterministic, stochastic, and 


simulation models for offload operations. In the conclusion, he states. 


In most cases, E[T»] (expected value of total offload time) was insensitive to the 
type of distribution used to model the cycle time components. Further research may 
shed more light on the extent of these distribution forms’ effect on E[To]. 


Horne built on these results in his later work with Irony (discussed below). 

Horne and Irony [Ref 4] developed an analytical (stochastic) model of LCAC 
operations that treated the LCAC loading and unloading processes as exponential random 
variables, developing expressions for the expected value of time spent by LCAC’s 
queueing for beach and well spots. While this analytic model does not account for transit 
time, the authors showed that for many situations of practical interest, the transit time did 
not affect the results. 

In the same article, Horne and Irony used the simulation language SIMSCRIPT to 
develop a simulation of LCAC operations, assuming that the loading and unloading times 
were random variables drawn from the shifted gamma distribution! _ The authors found 


good agreement between the analytical and simulation models. 


C. LCAC MISSION CYCLE. 
The LCAC mission cycle can be divided into four phases: 
e loading 
e transit to the beach 
e offloading 


e transit back to the ships 


| The simulation used the shifted gamma distnbution because it was a better fit to the LCAC offload data. 
but the analytic model used the exponential distribution because the problem becomes analvucalls 
intractable when the shifted gamma distribution is used. As discussed above. the author stated that the 
results were insensitive to the choice of distribution 


1. Loading. 

During this phase, staged cargo is moved from the well to the LCAC, spotted on 
the LCAC deck, and fastened to the deck with tie-downs known as gripes (Fig 2). The 
time required to load the LCAC and gripe down the vehicles on the deck depends on the 
size of the load. Once the load is completely griped down, the LCAC raises bow and stern 


ramps, admits air to the skirt system (“comes on cushion”) and backs out of the well. 











Because the LCAC requires its | 7 
vehicles arriving 


for staging 










center of gravity to remain within strict 


limits to achieve level flight, proper 
} ome Prop staged cargo 


\ 


O 
side of well 
eel al Vi 


spotting of vehicles on deck 1s critical to 
mission success. With larger load sizes, 
increased care 1s required to ensure that all 


of the designated cargo fits on the deck 
cargo moving 
onto LCAC 
deck 


and that the load is properly balanced. 
Additionally, LCAC loads must be 


fastened to the deck (“griped”) to prevent vehicles being 


| LCAC in well 
griped 


them from shifting in transit. Large loads for loading 


take more time to gripe because there is 
less room for the gripers to move about on 


deck. 


stern of ship 


In the absence of hard data 
regarding LCAC load times, it is necessary 
to make assumptions to obtain a function describing the relationship between the load 
weight and the time to load a single LCAC. The author’s experience is that the load time 
increases slowly with load weight at lower weights, but at higher weights, the load time 
increases more rapidly, as the effects discussed above become more important. An 


exponential function of the form 


can be used to represent this effect, where /,,, is the mean time to load the craft, @ and 2 
are constants describing the relationship between load weight and time, and w’ is the load 
weight. Even if no load was to be placed on deck, a certain minimum time would be 
required to prepare to take on cargo. Therefore 
1, (0) = 5. 

Also, at the maximum cargo weight of 60 tons? , it was assumed that the mean load time 
would be no more than an hour 

1 (60) = 60 
From these two boundary conditions it follows that @is 5 and f1s.04145, resulting in the 
following equation 

1 () = Sexp(.04145) 

Figure | shows the fit of this equation to data from LCAC exercises. 

Additionally, the time to load the craft is not completely determined by the load 
size - random factors are also important It is postulated that /,. represents the mean of the 
LCAC loading time, which is a normal random variable Also, the standard deviation of 
the load time is believed to increase with w, therefore, the standard deviation was modeled 
as follows: 

a(w) = ae 12. 

The ship’s well is also unavailable for loading during the landing and launch of 
the LCAC. Landing and launch require about five minutes each. Therefore, the total 
amount of time the well is unavailable (7,) is 

6 =t, +h, = Sexp(.041450) +10, 
where /, 1S the time to land and launch. 

[t is Important to note that 7; 1s convex as a function of w. The greatest rate of 
offload can be found by maximizing /,/w, which occurs when w’ is 24 tons, not when w 1s 


60 tons. It is therefore possible that the best load policy is not to fully load each LCAC 


* LCAC’s are capable of taking 75 ton loads under certain circumstances. This complicating factor 1s nol 
addressed in this research. 


2. Transit. 
After the craft has left the well, it proceeds to the beach for landing. Typically, 
LCAC'’s transit at speeds of about 40 knots. The distance from the amphibious ships 
varies due to threat conditions and hydrography, but usually falls between two and fifty 
miles. The time between launch from the ship and arrival in the vicinity of the beach is 


defined as th. 


3. Offload. 

Once the LCAC arrives at the beach, it is directed to an open landing spot by the 
shore party. If no open spot is available, it waits in a queue outside the surf zone. Once it 
has been assigned to a spot, the LCAC comes to 25 knots, crosses the high water mark to 
the landing spot, stops, and comes off-cushion. It then lowers bow and stern ramps and 
begins offloading. This evolution of positioning to start offloading takes about five 
minutes from the time a spot is assigned. 

The craft crew and embarked troops begin ungriping vehicles as soon as the 
LCAC comes off cushion. As soon as the vehicles are ungriped, they are driven off the 
craft. Completion of the offload varies depending on the nature of the load, but usually 
takes about ten minutes? . Following the offload, the craft raises its ramps and departs, 
reversing the procedure used to land, and begins the transit back to the ships. 

The time to land, offload, and launch from the beach is defined as f;, which can 
be written as 

fy = 03, + fy, 
where f3,, is the mean time to offload the vehicles and /3; 1s the time to land and launch (10 


minutes). 


3 Offloading is considerably faster and less dependent on the load weight than onloading, because gripes 
are much easicr to unfasten than to fasten. and problems involved in arranging the vehicles on the deck 
are climinated. 


4. Transit back to ships. 
Once the craft have returned to the vicinity of the ships, they form a queue to 
await the first open well. The time between launch from the beach and arrival in the area 


of the ships is defined as 1, 


5. Other quantities of interest. 

There are a number of times that are of interest to the amphibious planner The 
cycle time (/.) 1s the time required for an LCAC to complete an entire cycle (exclusive of 
queueing time) 

ie eee oh Soa moan ae 
It is also important to be precise when discussing the time to complete the mission. There 
are three possible times of interest. the time at which all cargo has left the ship (/,), the 
time at which all cargo has arrived at the beach (/>), and the time at which all LCAC’s 
have returned from their last trip to the beach (73). Then 
1 eat ear 
and 
a 2 oe 
Since /> and 7; differ only by a constant, it makes no difference which is chosen for 


analysis. /; will be used in this thesis 


If. DETERMINISTIC MODELS 


Some insight into the problem can be gained by suppressing randomness in the 
loading, transit, and offload phases of the LCAC mission cycle. The result is a 
deterministic approximation for the time to complete the offload. There are a number of 


possible queuing policies. 


A. THE SINGLE QUEUE MODEL. 

In this model, one queue of LCAC’s serves multiple ships on a first come, first 
served basis. The same load policy 1s used by all ships. There are three constraints upon 
the rate of offload. If the offload is limited by the number of LCAC’s available, then 


i 
i 


where / is the best possible offload rate (tons/min) when constrained by the number ot 
LCAC’s, and L 1s the number of LCAC’s in the model. If the number of ships is the 


constraining factor, then 


where s 1s the best possible offload rate when constrained by the number of ships, and S is 
the number of ships. If the offload 1s constrained by the number of beach spots, then 


=—wW, 
3 


where 6 is the best possible offload rate when constrained by beach spots, and A is the 
number of beach spots. 
Therefore, in the steady state 
r = min(/,s,)), 
where r is the best possible rate of offload under any circumstances. Also 


W 
=a th, + eee 
5 ie 


where His the total amount of cargo to be offloaded from all ships. Changes in loading 
policy affect 7; and therefore /., but not 4s. 

The above equations were used to create a QBASIC program which automatically 
calculates the offload rates for a reasonable range of load policies and highlights the 
optimum policy This program is discussed in greater detail in Chapter IV. 

If the ships to be offloaded contain different amounts of cargo, the solution must be 
obtained in parts The first step is to calculate the time required to empty the first ship. For 
example, given three ships, loaded with 500, 300, and 100 tons of cargo, one must solve 
for T at the optimum rate for three ships, where W = 300 — or 100 tons from each ship. 
Then the rate of offload 1s recalculated based on two ships, which contain 400 and 200 
tons of cargo Next, T is recalculated using the new rate of offload until the new lightest 
ship is empty. These steps are repeated until all the ships are empty. The total time to 


conduct the offload is found by adding the times for the various steps 


B. MULTIPLE QUEUE MODEL. 

The policy descnbed above, in which a single LCAC queue serves all ships, may be 
thought of as “myopic offload” — each increment of offload effort is expended at the ship 
that will maximize the instantaneous rate of offload. Although this policy works well if all 
ships have the same amount of cargo onboard, it can be shown to be less than optimum if 
the ships carry differing amounts. In particular, if the offload is poor in LCAC’s, a 
significant decrease in the total time to complete the offload may be observed if separate 
queues are maintained for each ship. This occurs because the time to complete the offload 
is bounded below by the time required to complete the offload of the larger ship — if the 
LCAC’s are shared among the ships to be offloaded, the largest ship may be “starved” for 
LCAC’s 

For example, consider two ships loaded with 500 and 100 tons of cargo being served 
by six LCAC’s. Three beach spots are available at a distance such that the one way transit 


time 1s 60 minutes. Using the QBASIC model to solve for the rate of offloading until the 


lightest ship 1s empty, yields 1.71 tons/minute. At this point, 100 tons of cargo have been 
removed from each ship, requiring 2 * 100 tons / (1.71 tons/min) = 117.0 minutes. Then, 
recalculating using one ship, six LCAC’s and three spots, the offload rate is found to be 

|. 12 tons/minute. The offload proceeds at this rate until the remaining 400 tons of cargo 
has been removed, requiring 400 tons / (1.12 tons/min) = 357.1 minutes. Therefore, the 
total time to complete the offload is 117.0 minutes (step 1) +357.1 minutes (step 2) 
+140.0 minutes (time to make the last LCAC trp) = 614.1 minutes. If however, two 
queues are established, with five LCAC’s being assigned to the larger ship and one to the 
smaller, the smaller ship is offloaded at a rate of .286 tons/minute, which means that the 
time to offload it is 100 tons / (.286 tons/min) = 349.7 minutes. At the same time, the 
larger ship is being offloaded at a rate of 1.10 tons/minute, which means that the time to 
complete its offload is 500 tons / (1.10 tons/min) = 454.5 minutes +140 minutes (transit 
time for last load) = 594.5 minutes. For this case, then, twenty minutes may be saved by 
assigning five of the stx LCAC’s to the larger ship instead of sharing them equally. 

It may seem strange to the experienced reader that splitting the queue can actually 
result in an increase in efficiency in the process. The advantage of splitting the queue is 
that it allows separate load policies to be established for each ship. This allows the 
commander to sacrifice efficiency of offload of the lightly loaded ship(s) for increased 
efficiency of the heavily loaded ship. Because the time to complete the offload is bounded 
below by the heavily loaded ship, the multiple queue policy can reduce the total offload 
time. 

However, the randomness in the model has the opposite effect, because LCAC’s 
may have to wait to be served by the heavily loaded ship while the lightly loaded ship(s) is 
available to load cargo. Because the above example was chosen to accentuate the 
difference between the two policies, it is unlikely that any gain would result from this 


policy in practice (see page 14 for details) 


C. OTHER POLICIES. 


It is possible to imagine any number of alternative policies for LCAC employment 
For example, the load weight could be adjusted according to the number of LCAC’s in 
queue for the well This would have the effect of smoothing out unevenness in the flow of 
LCAC’s, loading them quickly with smaller loads when many were waiting, and loading 
them more slowly with larger loads when the queue was empty. This policy, like other 
alternative policies, was too complicated to address here In any case, these policies 
probably would be difficult to implement operationally. because of the heavy demand they 
would place on C’ assets. The only policies to be investigated in this thesis are the single 


and multiple queue policies discussed above. 


Il. SIMULATION MODELS 


A. SIMULATION USING GPSS. 


1. History of GPSS. 

This model of amphibious operations was constructed using the General Purpose 
Simulation System (GPSS). This simulation language was created by IBM for the 
mainframe in 1961. By 1978, IBM had stopped maintaining GPSS, but its development 
was continued by Wolverine Software. That year, the company released GPSS/H, which 
eventually was made available for many computer systems, including those running MS- 


DOS. GPSS/H was used in this thesis to model LCAC operations. 


2. Architecture of GPSS. 

GPSS was designed to model queueing processes in industrial systems. GPSS 
“facilities” or “storages”? represent servers of one kind or another, while “transactions” 
represent the customers of the facilities/storages. For example, in a simulation of a bank, 
tellers would be represented as facilities, and customers as transactions. 

The time required to serve the customers 1s represented by “advance™ 
statements. These statements allow transactions to be delayed by an amount of time that is 
either fixed or random, and allows the modeler to select from uniform, normal, 
exponential, or user-defined distributions to represent randomness. 

“Transfer” statements control the movement of transactions in the model, 


allowing them to choose among several facilities according to rules set by the modeler. 


4 Facilities can serve one transaction at a time: storages Can serve several. 


3. Modeling LCAC operations using GPSS. 


A. Single queue model. 

This model of LCAC operations was constructed using transactions to 
represent LCAC's and 
facilities to represent ship 
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removed from the model. 
the simulation is terminated The model was executed for the case of three ships, eight 
LCAC's, and varying numbers of beach landing spots. A block listing of the GPSS model 


used for the simulation ts found in Appendix A 


> Although it is possible for ships to take on more than one LCAC ata ume for loading. it has been shown 
that loading one at a time is always the optimum policy (ref 5). Therefore. facilities rather than storages 
were chosen to represent wells. 


B. Multiple queue model. 
This model was executed for two ships, six LCAC’s, and three beach spots. 
The distance to the beach was thirty minutes. The operations in this model are similar to 
those in the single queue model, except that the LCAC’s are split into two groups. Five 
LCAC’s serve the more heavily laden ship (500 tons cargo) exclusively, and the remaining 
LCAC serves the lightly loaded ships (100 tons cargo) exclusively. A block listing of this 
model is found in Appendix B. 


4. Model validation. 

Both the single queue and the multiple queue simulation models were validated 
by replacing the randomly varying advance times with constants, and comparing the 
output with the results of a model consisting of physical representations of LCAC's and 
ships, and the same rules for transit and service times. The results for the physical models 
and the computer models were identical. Additionally, the single queue GPSS model was 
run with the standard deviations of the random quantities reduced to zero. The results of 
the deterministic model and the single queue model were identical for total ship weights 
that were integer multiples of the LCAC load weight. For the other weights, the single 
queue simulation model results were a few minutes higher than the deterministic results. 
The difference is the result of the “last load effect”. The deterministic model slightly 
underestimates the time required to take on the last load in cases where the load on a ship 
is not evenly divisible by the LCAC load size. For example, if a ship carries 400 tons of 
cargo and the LCAC load size is 30 tons, the last load will be only 10 tons. The 
deterministic model assumes that every load of cargo is being loaded onto the LCAC at a 
rate of 30 tons/(5 exp(.04145*30) minutes) = 1.73 tons/minute. For ten tons of cargo, this 
produces an loading time (f,.) of 5.78 minutes. In fact, however, the loading rate is 10 
tons/(5 exp(.04145*10) minutes) = 1.32 tons/minute, which implies a loading time of 7.56 


minutes, a difference of 1.78 minutes. 


IV. RESULTS 


A. COMPARISON OF SIMULATION AND DETERMINISTIC 
MODELS. 


Figures 4 and 5 are the deterministic and single queue simulation results, 
respectively. for the deterministic and single queue simulation models for three ships, eight 
LCAC’s and three beach spots. Each ship 1s loaded with 400 tons of cargo. As can be seen 


from the figures, the simulation results are somewhat higher than the deterministic results 
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This occurs because the deterministic model is unable to capture accurately the effects of 
occasional queueing, that is, the formation of queues that are present intermittently during 
the operation. This phenomenon would be expected to occur near the crossover points 
between LCAC limited and well or beach limited cases, because the randomness of LCAC 
service times would produce fluctuations in the LCAC flow rate. At the extreme points, 
where the operation ts clearly limited by only one of the entities, the two models should 


provide the same results. This, in fact, is what is observed. From this it can be concluded 


that the deterministic model can be used without reservation near the extreme points. Near 
the crossover points, the deterministic model will slightly underestimate the total time to 


offload. 


B. LIMITING CASES OF THE SINGLE QUEUE MODEL. 
There are three facilities involved in the transport of cargo to the beach: the wells, 
the LCAC’s, and the beach spots. Each of these facilities has the potential to act as a 


bottleneck in the flow of cargo to the beach. 


1. LCAC (or transit) limited case. 

The LCAC-limited case occurs when the number of LCAC’s available is small 
compared to the distance to the beach. In this case, the LCAC’s spend most of their time 
in transit. Figure 4 shows LCAC-limited behavior for all transit distances at lower load 
weights. In general, if a situation is LCAC-limited, loads should be increased toward 60 
tons, the LCAC load limit. Alternatively, the amphibious ships could be moved closer to 


the beach. 


2. Well-limited case. 
A situation 1s well-limited if the number of wells is small compared to the rate of 

LCAC arnval for loading. This usually occurs if the transit distance 1s small. Figure 4 
shows well-limited behavior for transit distances less than sixty minutes and higher load 
policies. In general, if the situation is well-limited, the loads should be made smaller. 
However.as the load weight is reduced to less than 24 tons, the total offload time will 
begin to increase, because cargo is loaded onto the LCAC at the fastest rate using this 
load policy (see page 5 for details). In well limited situations, the offload rate 1s 


independent of the distance from the beach. 


3. Beach-limited case. 
In real amphibious operations, the beach-limited case is less common than the 


others for two reasons. First, many real beaches have, in effect, an unlimited number of 


beach spots® . Second, unloading the LCAC’s 1s considerably faster than loading them, so 
the LCAC’s spend less time there. A situation is beach-limited if the rate of LCAC arrival 
for unloading 1s large compared to the number of beach spots This occurs if the transit 
distances are small and the situation ts rich in LCAC’s. 


Figures 6 and 7 show results from the deterministic model for 2 beach spots and 
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one beach spot, respectively Figure 6 shows beach-limited behavior for transit time 20 
minutes and load policies less than 2S tons Figure 7 shows beach-limited behavior 
everywhere except for the 60 minute transit at weights greater than 45 tons, and for the 
other transit times at load weights greater than 55 tons. If it 1s impossible to provide more 


beach spots, the offload rate can be increased by increasing the LCAC load size 


C. MULTIPLE QUEUE MODEL. 
To test the predictions of the multiple queue model, the GPSS simulation was 


modified to allow LCAC’s to be assigned to a specified ship The parameters were the 


© It is casy to imagine. however. circumstances in which this is untrue. For example. in wartime. beaches 
are likely to be mined, and cach beach spot cleared would represent a substantial investment in mine 
clearance effort. 


same as those given for the example case in Chapter II. Although the deterministic 
multiple queue model predicted a savings of twenty minutes by switching to two queues, 
this gain was not realized in the simulation. The simulation produced a mean time of 606.6 
minutes, a savings of only about 8.5 minutes. Since this example was picked to favor the 
split queue model, it 1s likely that less favorable scenarios would fare even worse. 
Therefore, it is concluded that the multiple queue policy is unlikely to be operationally 


useful. 


D. QBASIC MODEL. 

As discussed above, the equations developed in Chapter II have been incorporated 
into a program written in Microsoft QBASIC. This program provides users with the 
capability to judge the adequacy of resources such as beach spots. LCAC’s and wells, and 
to choose the proper tactics for the situation. A listing of this program is included in 
Appendix C. Additional copies may be obtained from Dr. Alan Washburn, at the address 


shown in the distribution list. 


V. CONCLUSIONS 


A. EFFECTS OF LOAD POLICY ON TIME TO COMPLETE 
OFFLOAD. 


It has been shown that the total time to complete the offload can be minimized if the 
proper load policy is selected (assuming that the exponential function relating LCAC load 
weight to loading time is correct). This minimum point does not usually occur at the 
maximum possible load policy, as might be expected from casual observation, but rather 
occurs most often in the middle of the range of load policies. 

This implies that planning for LCAC operations should include an examination of the 
optimum load policy for the operation. Accordingly, a decision aid has been presented 
which provides planners with the information necessary to make better decisions regarding 
LCAC load policy. This decision aid was developed from a mathematical analysis of the 
process of amphibious assault and was compared to a simulation of the same process The 


similarity of the results provides increased confidence in the validity of the model 


B. AREAS FOR FURTHER STUDY. 


I. Nature of the loading process. 

In this research, it was assumed that the time required to load an LCAC 1s an 
exponential function of the load weight This assumption was based on the author's 
experience as officer-in-charge of an LCAC detachment during operation Desert Storm 
Although there is some data that suggests that the time to load an LCAC increases with 
load weight, there is not enough to show that the relationship is exponential Further work 


to explore the nature of the loading process is desirable. If insufficient correlation between 


the load weight and loading time 1s found, it may be worthwhile to include the square 


footage of the load as a predictor of the loading time 


2. Discrete nature of cargo. 

Both the analytical and simulation models treat cargo as a continuous quantity 
that could be loaded onto LCAC’s in any desired quantity. In reality, of course, cargo 
arrives for loading in discrete amounts ranging from less than five tons (a towed electrical 
generator, for example) to sixty tons (an M60 tank). The use of continuous cargo in the 
models may have caused the advantages of optimum LCAC loading to be overstated, 
because it may be quite difficult to actually load the “ideal” amount of cargo. In future 
research, a more general model that includes the effect of discrete cargo should be 
developed. Since the order of cargo arrival is likely to have a strong influence on the 
efticiency of LCAC loading, the study of discrete cargo also implies that the order of 
cargo loading in amphibious shipping should be modeled, because it is very difficult to 


rearrange cargo once loaded into the ship. 
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APPENDIX A 


The following 1s a listing of the GPSS model that was used to obtain the results 


shown in figure 5 


i i i i i i i SINGLE SO aeS MODEL i a Ale a i i ae i ee i a ae 


a ee a oe oe ee oo ane beplicatlous + re ee He HK eH eH Hex He ee erie eee eee eee ee ee eee ie 


+* 


Pa a CONTPROM so EATEN INS he TION Se anie sete ees ++ 
INTEGER &SHIPILD, &SHIP2LD, 6SHIP3LD, &LCACLD, 61, 6J, &K, & TRANSIT 
REAL &ADVMN, &ADVVAR 
LET &SHIP1LLD=400 
LET & SHIP2LD=400 
LET &SHIP3LD=400 
LET & LCACLD=20 
LET &TRANSIT=20 


* 


Se ee ee ee ee ee ee BLOCK seal oh Ga Bi gs a ee 
GENERATE i Gree G Bees: ; create LCAC's 
TRANSFER ALL, GATORI, GATOR3, 13 


* 
wryrwreereer eer re ere re ee eh FIRST SHIE a i i i i i i i a ee ee 


* 


GATOR + SOAS SHIP! 
TROL OG &SHIPLLE, 9, EMPTYL 
* check to see if there is cargo left 
ADVANCE 5 ; time to land in wel. 
Bue! SADYVMN=57 EXP’ 6 LCACLD”™.0414 3, 
BLE? & ADVVAR=&LCACLD/12 
ADVANCE RVNORM( 1, €ADVMN, &ADVVAR) ; time to load 
BSE. &SHIPLLD=&SHIP1LD-&LCACLD ; decrement ship load 
ADVANCE 5 ; takeoff from well 
RELEASE Shes 
TRANSFER , LNGRESS ; send to beach 
EMPTY 1 RELEASE Die | 
FUNAVAIL SHIP y 
TRANSFER DONE 


*~ 
eee ete sir si ie te ie i ie ee oh SECOND SHIP Si i i i i i ee i i ee i i ee i aed 


*- 


GATOR2 SLL SHEP2 
TEST -G &SHIP2LD, 0, EMPTY2 
Bpenecr, tolsee 1 fe there iis icargqosbert 
ADVANCE 5 ; time to land in well 
BLET &ADVMN=5* EXP (&LCACLD*” .04145) 
BLET & ADVVAR=& LCACLD/12 
ADVANCE RVNORM (2, &ADVMN, & ADVVAR) 2 time, to Load 


BEET &SHIP2ZLD=&SHIP2LD- & LCACLD ;decrement ship load 


ADVANCE > ; takeoff from well 
RELEASE SHIP2Z 
TRANSEER , LNGRESS 
EMPTY2 RE LEAS EF SHIPZ 
FUNAVAIL SHIP2 
TRANSFER PE BLOM IS: 


* 
a a a ee ee 2 THIRD SHIP Oe a a Oc oe oe ccs 


+ 


GATOR3 Sia SHIP? 
PES r 1G & SHIP3LD, 0, EMPTY3 
* check to see if there 1s carcgeomlert 
ADVANCE 2, ; time to land in well 
BEE &ADVMN=5* EXP! &LCACLD* .04145) 
BLET & ADVVAR=&LCACLD/12 
ADVANCE RVNORM (3, &ADVMN, &ADVVAR)} ; tame to lead 
BLET &SHIP3LD=&SHIP3LD-& LCACLD ; decrement ship load 
ADVANCE S ; takeoff from well 
RE CEA SHles 
TRANSFER PN CRE Ss ; send to beach 
EMPTY3 RELEASE SHlEs 
TERMINATE 1 
TRANSFER , DONE 


* 
e 
5 ee i i i i i i i i i a ad TRANSIT TO BEACH fi ti i i a i i i a i a i i ee ad 


* 


INGRESS ADVANCE RVNORM (4,&TRANSIT,2) ; time to get to beach 
TRANSFER ALL, BEACH SEs. .c 


* 
ee i ie i i i i ei i BEACH SPOT IL 5 ae i a i i i a 


* 


BEACH 1 SEaeae, Seo ia 
ADVANCE 3S ; Naneung 
ADVANCE RVNORM(O; 10 ie. ; Offload 
ADVANCE fe) ; takeoff 
RELEASE SPOT 1] 
TRANSFER PEGRES. ; return to ships 


+ 
i i i i i ie ee a ee a a a BEACH SPOT es, Se ae a a i i i a ee i ee ee ee ee i ee ee i ee ee ee ee i 


* 


BEACH2 Sona SPOCTZ 
ADVANCE S ; lanai 
ADVANCE RVNORMt6n10 7 1s) *—~@fE Load 
ADVANCE 3 ; takeoff 
Re eA os SPOT2 
TRANSFER ,HGRESS ; return to shape 


*~ 
Si i ee i a i i i a BEACH SPOT 3 Se a ee ae i i i i i i a i i a i i i i i a i i i i i ae a aoe 


* 


BEACHS Sf is SPOT3 
ADVANCE = 7, Laneang 
ADVANCE RVNORM (73 LU ie) Reis adhieeic! 
ADVANCE 5 ; takeoff 
RELEASE SPOR: 


TRANSFER , EGRESS ; ceturnytemcmip- 


to 
tv 


* 


Se ie ae a ee RETURN ey SHIPS i i a i ie i ie i i i i i i a i i i i i i i i a a 
= ee te . call ed 


* 


EGRESS ADVANCE RVNORM(8,&TRANSIT, 2) ; Cime to return to 
Sos 
DOME TRANSFER ALL, GATOR1, GATOR3, 13 


* 


le a a a ie ie ie i ie i i a ed MORE CONTROL STATEMENTS 2 le a Oe A Ai i le in i i i de a ad 


*~ 


DO eal eae. , ; time loop 
DO &K=1, % ; load loop 
DO Silo ) Wevurederon Locr 
START oO 

BEL &SHIPLLD=4090 

LET &SHIP2Z2LD=4900 

bey &SHIP3LD=4 90 

CLEAR 

ENDDO 

LET & LCACLD=&LCACLD+5 

EN DDO 

Ley & LCACLD=2 6 

Le! &TRANSIT=&TRANSIT+10 

EM DDO 

END 


APPENDIX B 


The following ts a listing of the GPSS model that was used to obtain the results for 


the multiple queue situation. 


Se i a i ie i ae i i a i i MULTIPLE OUBUE IK (Cues all Si i ie i i i i ee ee ee 


Se ne ee ee ed 50 replications 5 ee ee ie i ee ee i i ee ee ee ee 
+* 


Se ee ie ee ee ee ed CONTEOL STATEMENT Sto. LON i i AE IE Me 


* 


INTEGER &SHIPILD, &SSHIPZLD, & LCACLD, &1,40, 47 Raa 
REAL &ADVMN, &ADVVAR 

Gaal &SHIPILD=500 

LET &SHIP2rp— 106 

Cea & LCACLD=20 

LET &TRANSIT=60 


*k 
i ee BLOCK Seow Lom Se ie i ee ee ee 
+ 
GENERATE Oi, 05 40 ; create LCAC's 
* 
i i a i i i io FIRST QUEUE i i i ee ee ee eo 


* 


GATORI1 SEE SHE 
TEST 2G Son PliGh, Oy Eye a al 
* Cheek to ses if there 1s) cangemecie 
ADVANCE S, ; time to land iim 
Bin & ADVMN=5* EXP (& LCACLD* .04145) 
BEET & ADVVAR=&LCACLD/12 
ADVANCE RVNORM (1, &ADVMN, &ADVVAR) ; time to lead 
Boe &SHIPILD=&SHIP1ILD-&LCACLD ; decrement ship load 
ADVANCE > ; takeoff from well 
jee le Dayo SHIPi 
TRANSFER »INGRESsS ; send to beach 
EME yy RELEASE SieP il 
TERMINATE il 


i ee TRANS LT TS BEACH i i i i i i i ed 


* 


INGRESS ADVANCE RVNORM (4, & TRANSIT, 2) ; time to get to beach 
TRANSFER ALL, BEACH BEACH I ec 


* 
i in di a a a i i a a a a BEACH SPOT al Se ae ee ee i i i i ee i i ie ie ie i i ee ad 


* 


BEAGHLL Sr eZ SPOT | 
ADVANCE S Hm JLevoveliieye 
ADVANCE RVNORM(5,10,1.5) | Offload 
ADVANCE 5 p eakeorn 
REEEASE Seek 


TRANSFER PGR nos ; return to shies 


oe 
Ce i i i i i i a a ee 


ta 


BEACH TZ eee: 
ADVANCE 
ADVANCE 
ADVANCE 
RELEASE 
TRANSFER 


ad 


BEACH 


> 


SEeiee 


SPOT2 


RP VNORMiine,- 1071. 3) 


5 
Seo 


Peed nore 


e 
‘ 


e 
a BEACH SPOT 3 a a a a a ee Ce oc 


~ 


BEACH13 Shiai 
ADVANCE 
ADVANCE 
ADVANCE 
RELEASE 
TRANSFER 

EGRESS ADVANCE 
ships 

BONE 


* 


TRANS F 


Si i i i i a 


+ 


GENERATE 
GATOR2 Syn a) 
TEST 


> 


SPOT 3 


Bo MORM tj eee 


2) 
SEOl. 


peokhEoo 
RVNORM(8, &TRANSIT, 2) 


ER 


SECOND eS hae 
OOo, 


&SHIP2 


,GATORI 


2) 
Sha Pe 
PoP EMP 


~ check to see if there is cargo left 


ADVANCE 
BET 
BEET 
ADVAIICE 
BLET 
ADVANCE 
Re Gee e 
TRANSFER 
BMeTY 2 RELEAS 

FUNAVAIL 
TRANSFER 


i ie i 


INGRESS ADVANC 
SEAN ST ER 


+ 
a ee le ie le ee i le ie le 


ar 


BEACHZ1 aye OYA 
ADVANCE 
ADVANCE 
ADVANCE 
RELEASE 
TRANSFER 


+ 
Se ae in i i le ie ae i a oe a oe 


*~ 


2 


&ADVMN=5* EXP (& LCACLD* .¥4145) 


& ADVVAR=&LCACLD/12 
RVNORM (2, &ADVMN, &ADVVAR) 
&SHIPZLD=&SHIPZ2LD-&LCACLD 


> 
SHiPZ 


PLNGRESS 


E 
Sie 
BONE 


TRANSIT TC BEACH 


E 


SH 2 2 


RVNORM(4,&TRANSIT, 2) 


ALi; BEACHZ 1, BEACHZ 3,6 


BEACH SOT oI 


©, 


SPOTL 


RYNORM o>. 1071.5) 


2. 
SeOTL 


PEGRESo 


BEAGH SPOT ez 


to 
tan 


A i i i i i i i i i i i i i i i i ed 


i i i ee 


*~ 


‘ 


Se a i i 


e 
‘ 


+ 


+ 


i i i ao 


landing 
offload 
takeoff 


return to shirs 


Sd i i i i i i i i a i i a 


landing 
offload 
takeoff 


return to ships 
time to return to 


Se i ie i ee a ee 


ereate UCACG*s 


time to land in well 


time to load 
(Screment silo .oacd 
takeoff from wel. 


+ et ewrrvrvee ere e eee er re + 


time to get to beach 


Se i i i i i ed 


Landing 
ort load 
takeoff 


return to ships 


re ce cn a a a Sd 


BEACH22 Seok Seon 


ADVANCE > Fo Jecvetolili ove; 
ADVANCE RVNORM(0,10,1.5) ; Oi iload 
ADVANCE D > TCakeoret 

RELEASE SPOTZ 

TRANSFER , EGRESS ; return to shag 


3 
Se i i i i i ae BEACH SPOT 3 5 ee i i i ee i i a eo 


+ 


BEACHZ 3 SEIZE Sue ONES: 
ADVANCE 2) ; landing 
ADVANCE RVNORM(7 710, 1.5) ior Load 
ADVANCE 2) ; takeoff 
RELEASE SPOS 
TRANSFER PEGRESS ; return to ships 


+ 
i te i ie Ae i i ie ee i i RETURN Aus SHIPS 5 a ie i ee i i i i i i a al 


+ 


EGRESS ADVANCE RVNORM SG TRANSIT, 2} ; time to returngee 
ships 
DONE TRANSFER , GATOR2 


+ 


i i ie i a de MORE CONTROL STATEMENTS 5 ee ee 


~* 


DO &K=1,9 ; loa cor 
DO &I=1,50 ; replication =vee. 
START © 

ew &SHIPLLD=400 

ui igh & SHIP2LD=400 

cep & SHI P3LD=400 

CLEAR 

ENDDO 

Lee & LCACLD=&LCACLD+5 

ENDDO 

CEE & LCACLD=20 


END 


APPENDIN C. 


The tollowing ts the text of the QBASIC program to calculate the best load weight 
given values for time spent on the beach and in transit, and the number of LCAC’s. ships. 


and beach spots 


PPINT “This program calculates the LCAC load weight that maximizes the" 
PPINT "rate of offload, given the parameters you specify. It will also” 
PPINT "show the offload rate fcr several load policies and identify" 
Pelt ie Simi Ling sbaellrey. 

PeiN. 

PRINT "You will be asked to provide the expected amount of time spent” 
PRINT "on the beach, the two way transit time, and the number of " 
PPINT “beach spots, LCAC's, and ships available." 

PPINT 

10 INPUT "Please enter the amount of time spent on the beach in minutes"; 

tb 

ZO INPUT “Please enter the two-way trans1lt time 1n minutes"; tt 

PRINT "Please enter the number of beach spots, LCAC's, and ships, 

30 INPUT "placing a comma between the values"; b, l, s 


PEM Se i a i i a i a a 


Sy 
e ? 


REM The above section gets initial values of the parameters 


REM oi i i i i i i a i a i A a i i a i a a a i a i i i i i a i a a a a a 


40 bestrate = 0: bestw = 0 

SUe Pit y Leadesize (beach. '; “transit, “s "loading “;- “lime.” 
CUwr oP w=. 0 -TOeoC “STEP tS 

POF tS S45 -* EXP (20d lass willis 10 


PEM i i i i a a a a i i 


PEM Caicuiates the time the well 1S unavallable 


REM teeter eeeeererre eee err eee eee ee Hee +e eC eK e eee ee He AK ee He HEE ACK eee eee ee 
4 


BOUewo = wb / Eb! wi jw” L / ytb + tt + tsi: ws =w* s 4 ts 


PEM i i i i i i i i i i i i i i i i 


REM CalculatesS maximum Service rates for each facility 
PEM Se i i i i a a a eo 
90 rate = wh 
100 ITF -wey<-rate THEN rate wt 
110 IF ws < rate THEN rate = ws 
120 IF rate > bestrate THEN 
pea’ bestrate = rate 
149 bestw = w 


PEM i i es 


PEM Determines which 1s the limiting facility and establishes it 
PEM as the limiting factor 
PEM i i a a i i a ee a a a a a a a a a a i a 
io) END LF 
i100 PPINT USING "s##.##8"; we wh; wt; ws; rate 
Deo NEXT ew 
180 PRINT "The best offload rate 1s "; bestrate; " tons/min" 
190 PRINT "The best load weight 1s "; bestw; " tons" 
200 PRINT 
210 INPUT "Would you like to recalculate for different parameters (Y/N)"; 
EECIDES 
eee NOt. DEST DES <=" THEN -END 
230 PRINT "Which variable would you like to change?" 


240 
Spots | 

eo 

260 


END 
REM 
PEM 
PEM 


PPINT "l=time on beach, 2=two way transit time, 3=number of beach 


INPUT "4=number of LCAC's, 5=number of ships”, choice 
SEDEGT CASE eheiee 
CASE IS = 1 
INPUT "Please enter the expected time spent on the beach", tb 


INPUT "Would you like to change another variable (y/n)"; ANOTHS 
IF ANOCTHS = “Y" THEN GOTO 2305ELSE GOTOR42 
GOTO 40 

G4S5— 1S .= a2 
INPUT "Please enter the two-way transit time"; tt 
INPUT "Would you like to change another variable (y/n)"; ANOTHS 
LP ANOTHS == “THEN CGOros7 OSE Lss Golo 2g 


CASES IS: = 3 
INPUT "Please enter the number of beach spots"; b 
INPUT "Would you like to change another variable (y/n)"; ANOTHS 
IF ANOTHS = “YY THEN we@Toe230 ELSE GOTOsdd 


CASE IS = 4 
INPUT "Please enter the number of LCAC's"; 1 
INPUT "Would you like to change ‘another variable (y/n)"; ANOTHS 
IF ANOTHS = “Y" THEN iGOT@e S082 USE Goro <¢ 


CASE Ts 7= 5 
INPUT "Please enter the number of ships"; s 


INPUT "Would you like to change another variable (y/n)"; ANOTHS 
IF ANOTHS = "Y"9THEN GOTO 230 SLSe GOTO 40 
CASE ELSE 
INPUT “DO Yourwant to quicmiy me, -sDONES 
IF NOT DONES = "mn THEN VEND 
SELECT 


tekeeerKerereraeae eee eee ee ae ae Ke Kee Kee aaa Kae Kee Ke Ke Kee 7K 7 eee eee eee eee 


Above section allows user to change parameters 


Si i i i i i i i i i eZ 


lod 


tan 


LIST OF REFERENCES 


Center for Naval Analyses Research Memorandum 89-155, S/up-to-Shore 
Operations m leam Spr s9, by Gary E Horne, Mel E. LeVan, and Wilham F 
Morgan, July 1989 


Center for Naval Analyses Research Memorandum 88-8, LCAC Performance mm 
Lxeroise Kervel Blitz 87-2, by Andrew Dallas, Shawn P Heneghan, John F 
Nance, and Margaret D Tierney, Jan 1988. 


Center for Naval Analyses Report CRC 619, Mfodelng of Onenemeg Processes and 
Analysis of lradeoffs Inherem fi the Ship-to-Shore transfer of Cargo, by Gary 
Horne, December 1994 


Horne, Gary E. and Irony. Telba Z. “Queueing Processes And Tradeotts During 
Ship-to-Shore Transfer of Cargo”. Naval Researeh Logisnes, v 41 no 2. March 
1994 


Center for Naval Analyses Research Memorandum 91-267, LCAC Dato Summary 
and Analysis, by Kevin J: Becker, Henry S Griffis. and Gary E. Horne, June 1992 


t 


INITIAL DISTRIBUTION LIST 
No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, VA 22304-6145 


Director, Submarine Warfare Division 
Chief of Naval Operations (N87) 

Pentagon Room 4E453 

Navy Department 

Washington, DC 20350-2000 


Director, Expeditionary Warfare Division | 
Chief of Naval Operations (N85) 

Pentagon Room 4A720 

Navy Department 

Washington, DC 20350-2000 


tO 


Library, Code 52 
Naval Postgraduate School 
Monterey, CA 93943-5002 


et SMe Perens 
USW Curriculum, Code 3A 
Naval Postgraduate School 
Monterey, CA 93943-1849 


Dr Alan R. Washburn 
Code OR 

Naval Postgraduate School 

Monterey, CA 93943 


Dr. James N. Eagle | 
Code OR 

Naval Postgraduate School 

Monterey, CA 93943 


bo 


Center for Naval Analyses 


30 


4401 Ford Avenue 
Alexandria, VA 22302-0268 


Commander, Amphibious Group Two 
Unit 60001 
FPO AE 09501-6007 


Commander, Amphibious Group Three 
Box 36820] 

3985 Cummings Road Suite 4 

San Diego, CA 92136-5289 


Commander, Naval Beach Group One 
3600 Tarawa Road 
San Diego, CA 92155-5592 


Commander, Naval Beach Group Two 
1430 Helicopter Road Suite 100 
Norfolk, VA 23521-2943 


Commanding Officer 
Assault Craft Unit Four 
eso tl iieStree 

Norfolk, VA 23421-3018 


Commanding Officer 
Assault Craft Unit Five 
Marine Corps Base Camp Pendleton. CA 92055-5003 











DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 
















ais rae ieee Eesha tpesap retake be DUDLEY KNOX LIBRARY ea = tht 
# Hh in A f? 5 ae ¥ LS j 


Lah 















vary 









: u “a 1 ° 2 n 
, % < | i 1 a : AC - « 
mi 7 ‘ged a ; : ’ 
4 hie iH sai ? | | || . an : 5 e ‘ 
‘spe { ; 
wii Cs iv | ‘ 


ysitty 
1 | f : ‘ "4 ] r d 
Hen te ate 3 2768 00307080 6 Re | 
fiocd apts Ri hs eh “Sth = 
ie hae ah tatty tile Pa rn | . i 


















t ] ode ° 





sls % a bai 


iit iitry 








































aA [a oe : 
ah Te Nite Be ies ar ‘ 
ye B area) Ack a t + 8 . ep 
er teteacie saben iv Boo . ot ‘ 
A he tf apa # ae aan ar 
' s 
Hepa By mA s : .- 1 a) : 
Qe a Pt eae 4 "vee a rT J! 1 La } ' ? < 
tos (i€ eid fa Pr og ' 
PLO LY Ww reel 
i ab hepe sat ae 


TLE Vi." 











hig 
ht ore iy, 


e 



















2 

fst @ 

: = 

bb 1 a Uy eeu AL a 4 ma 
' r Fa ay § 

it. ate ii aye ¥ che ys 
























































































































































































































1! 
‘ 
~ “ 
wreW he bie ae 4 i} é 
ao 1 pyr dy 5 | U ; , 
ctw f ete 4s 1 Om a >» A : P eis x 
ha be rabkonh 1 ons ey hire vs, > , te “ 
Phot * Shes, ty aha J ft tte 
es, AALS ole i *¢ ron & 
sal fad rewrite tne i Lone i Dye a byes 
ss tefrrgs A'S tytn ge wah Wishes ts ooel 1 
Pre opderteatyh ag an tet eey ea epee agree ae 4 
wi ite ‘he ss el Fay br gee Bare . Le aA , 
sere’ et ah Teo rata " Po Pe) 4 en Le UU ahiayg au 
obete, Avi bay He ‘ i res nee oe oe aos aeaka's ' secs agi iene 
P28 0 deh aan, Gains: obs ide Pt ed | ry se 
side Ser ites a4? Oa a 5 ? 
Del SP ON EA ot Ad, By Jase u ite fi by A & 
“ ofp ee sezueet yt} poi a Fen ins the en ge 
rt oaal eh 8 urd s yh 2 ti oP HT Be i ’ rh eat 
r ger ’ Bees eG Ma ae “ib tort aro tit ied Ps ae s bes als "y 
Broke d Fe | Pate bra % ed ee S aly ' jf ie 0 
Be yp otap Vole, vader 7 Aw ah ten lide, tes cia 0 as 
i, Le PL FS Pole aes hs J : Wks : ‘yg 
a alt ty toy Thad ae A aepetaat 
mie EADY igi, { r A ih 4 at 
‘tas an ding eee re ae 1 
1aern se + % - J ‘ 
ahd Outs do hit: Os Oy ae 
Sangeet . * sissies e ee odie a Uth vo ied, ht sabyat ' my 
rr ts f s Sel iogsun Cua fe ’ tas ‘ 
Then of a) by br 090, 5 PIR ER SE) it, Let g rere iy i t Bey & 
tee Vb Mage al, tor . | 
Shh 0? 8 oH beth A Tots 7e bate 
seek abetely © be Ho stet, Wedd fob rae he 
te Matial. shaw tod. Y whi ft S- 1 bee df ifcpae Poy dimat-s 
sir be te ste rete gy" toy Aad ite * oR UD 
U 2h tht pi ort : 












Lise F #69 
BM abet ad ved Mot Pak Fo See pe fe : 1 
fase kikin Gent, Cert 

aan este sith ie’ Uf esters 








rit Hersh 



































ree Theos Tipe 
“ oh Piyt qh LEERY Pp 
T; Ao& FB idol od p pin Potalgte , a Lg > ones 
<5 oe Tent aS gerte) Y ‘ a | ; £ x y¢ 068, ‘ ahs 
Z as i : 
. ga Und a Ure) ee tt aa ? va Ve ” 
v1 4 ows Cae LAr" he data 
tyes bs pe bart <i ‘ i > i 





















ive i i! 7) Fu “He otha, 
re anys Sie Wea,? 
: ' at hed # ef : 


th er r od Poly 
ahtper at etiahed 


tee eaie 


fepe* eg ea? as 
Hf O38 bS op 1einahes 
oF "he Pup Ph bet of 





SPE PSP agi 
Fah 











































































































































































































































































































































































































































































































































































1 
1 “t " 
pyres ete? ele wis c. 
eo. 
Men Sie Tera feb Iyites ie mt Mine b 
“ade teas th fe pest garth OU it ary ' « 
Ti Mehy Fats leotat a * 
ne! > 
ere ? 
glal Ar, of a8 ~ 
"Be? uty Tyr. ’ e g 
’ em "ys * af ety 4 thats “pegiy 4 ~ 
PR? fh bye, _tebks HH 1.f@ sae * G8 J & 
¢ desyat a, fi ev ee, U , 
ve es git hats” wh Sésele a, fee 391 sb, ' ne = 
bt ei phi i, nm fh neigabne ee . , q 
: atts & ve enue e er Py x 
et Ste, 8 e . e e , 
a bed se ows ' , s « — 
t Wines epncaks Be ae ° F 
e?, one * «i ot} ry r . af, \ 4 PSteges & t ‘ ‘ > e te , 
‘Bien vase rf 7 r tela ft. yer ee a 
vast Rabupes ; fo o 3e eno te 2 8 . tte @ 2 
e Berg ®» : #>, fee a 
. ots ef. a te i 
oath ghetad en ty 6 e Le Rory e e 
ey rere Os = pod 2 @ & ¢ te . *s 
aw ayry “oie ur om se ee « . r 
bery 1 a a q *> oe ee > an «a te ‘a 
Seb ode ot ene a th be ‘ ra * te i 
sere Fette sane AT ee Joe ’ aol 1 a a 
® 4 oo. o Wee leat et 1 Sa%r ry e e e ae : 
“rh, te PPLE peat ee Babys ; reek ae 7 $i. fut? 7 Cat Deer ee. > r 
oS at have PAS Sere e tee ots "oh ten s Sit #4 tote “oe 
BE” dae SAIL REM sv yy Zimrvoererat is ad “iyi +088 , 
bey t.ho whofybyr pr oMalye Fide eh " > de te 4 
Sciahen ini ate livres Be 6 Uae 02 “Mee Wie . 
“GRAS ee ate en aries ‘ 7) es 
"ef . Tes. aelna, "DipeBe oe 
a 17" o°es Sib orege ret 4 gt? ots ete 
: e. wherstoe Priam? edb es SUE OBL 
iat Sh eS boats Le as 
sf t rs 
e 
’ Tease aun ye ~ 
| ae tle ul Sdittem as 
“Ere bs Lela : : PDs 8 dupa hey oe age ae 
Te by Hee Nee fy ‘We oe a oi ' 
oe Sa pe +e 1 Ad se hy, SNe Fly Dette 
1O=%u.,) 7 PS thd hes bars * o 0e 0f ? 
he) bobedss tye iki tam * habe fe ye pond . 
out sehbieee AY art ae { 
ie else 53 Py “4 is 4 
‘ os, 
ret Betas, au e 
ates V4 FP Plate oly: t*thide Soci tate teeqr 
yet ey tart Felt oeF pour e iNata om a8 
SMart? ela. Pe seay 5° es yt ft) A s o ue. 
F 53 Shee tg) § se Psett ste.» rails ” One bey <i. 6 Sas ¢ 
ge reue ofelarge «i?@sWhos y # 3> J ot "ree pe 2 oe t oF yeekyes o* 
Wee wo a i Te S soabeeg « Spey. re a sf ae Ce ey 
oor Jive: whats 2 se rial TPR trporke *, Fb, eegboenben’ ums gt 
seats seh? ye™. dk! or “a moe by LA qfe- “4 oft ty va; oo Py attre of ts 
ter ew em hetee ed Ls ca By ryedioge, sate rye 
et aegtie : ae s to i» 
er bat | os. % ' e o tele . , 
Wyre) cr ae “ tse ! Nhe SP yb “us aye tee “4 ieaatt 1a 
aS POPE San Std 97a? 15 Oelis AS AE ovate: ey ey ( Seldom sreuh #0 Oe Pee re 
Pa he te oe Tota dareons AY ts "hey Tee Fovy ater ry eke ANT Ne 
REAL A ty A> ’ seeP eh Piper SHLD Aes, eecly BOP ee Vaw: ’ °F gowns + g5pp ee e Pon) . ' 
nme Poli oer ie aes! 4 a? yer de ane ° $* Bp pate we fF gz 8 a re et Whe YU s ’ “ se ae so os 40 * on r ‘ e 67° > 
ai g*p Arar Py oar ae Py eels Corsi TA eye re Pye *A Peotynye CF) PerrlGApecereage , ys PD rtag'¥eeks ps 0 6 See sae 1 8 kk Oe . 
bet $ Sadet wv OSay" 5 Gre ge 2.0 of ef 0 Ne me Fee, Ptec bal. sages EPys get « Cu "s * 4 ue ‘ 
Ae te POPS Om ogmnes SE PP) Pera says, speek PFs & te on us" abe ‘ cr » 3 » 49 7 
: > »% pe yitye deotayse AK OEP ones s . * 42 a re e* «ff ee 
Py oes? oo Phgh rh Tery { Poet pars ete A 1 . ne e 
of Oe Ose Log | Tee? = foensr, F dl | fe ove a @ 
t F abl Prove a 38 fis % e 4 SL ee 2 > 
Food ,oT Lye 7 yous Mat #55 ehin jy, eae fy: : ‘ Vee oy >» er ' . . « . 
jg SP err ¢ 'y 4b) ae 5 yiyns: we teeehe ht Le ee 2 M aves hee eer & % tae : ory ’ , ve ta . 
Aber tt oft F stige Mer, > maar $38 ery? ene herve », €5° er &) dectren fn e? 29s v4 - P 
Peds ae 2. me eh ee | “yh PsPesarceed? i sekiry? » . 
#78 SPuse, A pene = #49 * wit 1 . ar er ey re 
“4 tas Soe Na pees a ass He eae OC i aoa te ' 
Ue oS we ] tee. » 9m ¢ ie 
*. Sst fas tt ie ray 2 "FR nih oy ore? PPL > por i " 2 
alts eaten a Syaer 1 ote ‘ fool ey ote eel te,“ rt Mea ay nek op yen dgte 
“ bl teh Lod bese PPP, = fe Aer. LF? be sip ms, ; Pe Ae at LAs 8 Ff pc entON NPet te Ose ¢) wert go p’atee » pb 1; 
Oe $7 -§ at J 7) ate shat, . 2 SOC PL oO ota awe cf. Rg th Vavee a Wt oe pao oh Fy dan tug ote wertdevee tp a H “pe creer, op a3 
granges Novae ry mere bor nd? Igo Joarens PoPetrry stoner Gres 2h! ERR ve eR sd Ms ge abe Poss 9y Tye ebee os % ofar 
™* em ery Agen a ‘yt Ake rhl BP e Tey? T ae ¢ don PA? 8, Seeley sore 6 “Rene oto ge 
Cen er SyeOoat? pers fof Mel Sp ve wiingts 6g ee ce TATE BRN PH ebee day at 
Pe see e Aa palrerpe®s ee’ Sint By a grees : 
ae fbn yee ba “4: Fife eohes og et 4 , vb ats SACEIES: : 
Res bs 1st e eee war beet ae vs . wr eos ft 
i a eee wr 
pteiesd avert e aback » ates 
; 1 er | i 3 pds iste aT) ; 
Ayol ere 
es Ware 








Chee > 





% 
tea fe SE Reetnde oe 
shee fate. ‘ 
oP Fé se wpe, 
ard Hd % b de 














> 
ee et haw 
BRO Wyse are FOR. 08 
IF te sry gtite 
ee bes octrbey 
85200 OSS NSIT" 
tps 























: Se eter ny) ass rom 
Bewpde er’ wheat rib 1 





eo eryrlr 




















































































i ate 
OUaee ry sie eel CALI oan apap 
firey rinse LAS Lema Teen pe: ger Sh, eet, Merever. heee eee as ashy tn “orastt ft J 
iM gy ww twas BtNO D125 29g ty peony oe 8 : 
Pore ltin Ve Prune o> DRO La bY aid ties Bye tan Feehi TPT ONE ATEN, Bandage 
MELEE! Come R ay! AY] ia bt Bee CaN Os 20Fere Fh eee Non Cher’ 
Pie a @ rernkes: BSiGr hry : ' Ppeworser Me DP ayy add A el othe ¢ Maer bbe 
% mo AL, hes i 4prr, fever itys) ier Sis meneer tp? 
aN Spee aed, s * pebr-toars} each ~ Wop 5.8 
‘ 





ad Ta Py U599301 JR 
ory bed 2 PY’ tt v®, bars tei J 

“a0, Bo pare (4 tote Wee rca 
roytanty . 012 f*yP Stes, pen wat 


se ese rok Peo ry Tat “ 
; Bi*tty 4 

Ade tee 4 vat 
pare gtapheaas® erent 
Bp FaPtne Ps 






tp phot. os 
om ie rs Pee 
P POT Te Ue tate 
vis 197Qr ded = Ane, 
stay e ew 





e anh 
478 Pees bene J 
ares wale 
Py Weary e uy a's 
hes oom diene 
Sil ethe ate gl 
ADbebews a 


eat TFLe Tyiyre situs 
Wop4 as myeytl 
oy 



















a 
f% WN yepe 
ry We aae stele 
OPS URW Ab 

















Sipee Sep aN " 
CY Ss “te erie a es 
PEON SPL Thyme deur a? 






Pe eee Pe 
+ ’ ects 801 
tepid e 


* ppe Voese te 
Mertens 
























































































bape > ‘A 










oar 
FEC gs ot Coaeltoe ¢ 4 ' 
~ "8 ef 
re Fees of te . 
Taras ds pep ies oes ¥ ee ey scene i ie are here 6 s . Lm 
b Sr MePe® Sa ra us of bd en "pests 
aster Bat aveshy ce are tt Rea tnsie Sep re? Peesen ABLES te oe Secserhe we Vthote Bye | er " aire cat Re POU Ry * ve x Min cat ai gegeate., bd 
ui opie , Aye citeree "y ta Qh, Mgiigs "Ae PTDL? Ye10 10 Myers Parr deb svony de Foot! pred paged 
ig atte FS rr ee Hae ery fe Se rah a. fool . i: rentstey 5 ae 4 
Noi soy bane atime tea Mista Pathe faeal ee 
Pp p i a 
Hl ae i a te ma er 


edhe gene rene 
Pee 025 fa fuer hs dezte 

eure ahrytyrve ¢ 

Wa telote tL) oS Verte ry Fe) 



























































































































































































6m Pe gue 
“ s 128, OGr Or aey mn 1° Dale Pome, 
eye ° . £8 oy + = Be ee eg. lea | 
faratens hye pd tan afd pity pitrarees’, thy 8 tee sts eee ot on PIe | the oe 
j A p : y 307 Wakes es WOUPe > ots Veen sone errs PL» Noarseude: aus Use 8 Chas oon 
res ccehes MORRIS Yar his Fut eye “he whe Py ves berratyey Napyete Gta fer nats nit ane ee eres ; iter ion 
, Tobby Pen 9 ety ta ie b¥s + J rake ep e't qin. uyee ALA res a o Pere be Ct barqoriy ers Pool 
Aye ed teal thet 1098 Med SF eNrr y) Serre ' en a } ites 4 money oD o reer gre ay He . 
Rabe $y ; ea, arr yep Sg OUP EF ety BAz ed Prog and gt cfm te «a2 ede» 5 2 fed) oy ery .* 
Ch yey OS be ee sod A © 41S be Surat ve Pleretaeyey oh yeeny Shylep tr rt,c? Beeston Sina Pte?hd Pag ¢ © 8 OPP > ¢ ate 
rent " hd oe et 19090 °9? si ev a Ti vee Re TY aed ate Oot Me wot Reoagere coe hrs te 
om oy 10g veel fe rity k etrbiivepesestnencs eeorkew ys tthe Pbk hs lL ree, oP ore ae he a 
a rea 4 eatitetar t hd St ed cot et ae Pawan ey eer 45 ts Hie “3 ipretste” whitustess AS 7 % ace cA Nide i * : te sreeiees ‘on 
as s Ee oe Les 4 Rytigeras hab Psa Wd Larges serlgaene ae DA ee Oe he oo Hest * shee st vache Uae pet le 
wh, fetr, Sel bya 22 fees rgy eet sft BN Pe Po08 weet fas vet . He Ti eee © fog. 8 ) re oe | 
1 r 1 er Ta MABE UNOS Agere os Onis 1 s 
bet Npewks esom bee oe te seh ope a gat ys s 30 CRE Aete age 4° 4954, : U D ‘ : : 
at thse yatire ee Gat toe R Hy Sheet Matsyerereghige at v8 it Sine abs tad ytee oe see) aa 
ad fa ore y sr stone 
part. SEP arayeere ac5 
iat alt esi Rieter ries 
Pee, 8a! 





Mteptte See 
OC #G, WR oD 4 a 
' ny (oh aogeayeyt t 
"thes Seat Kota | A dl Dl * torpor. 4° save 
be | SP toh. oF a eee ia ae | SuRgteAla*s oPe a. ested 6 
AI FAN FAS te Moy | ied Le 
rye. 4 Po ayes . 






















“4 = eis 
ie ® vi Tetra, hb at 


te * osere® 


Wek oe Bs : 
1 os ere ae 


‘bh fe * 
thony gre $ 


ae 












’ 
od StaP led oy ‘™ 
Seren Whe Fete ns 
ones fer hte 
: Tats ope Pe oStek t 
0 oy xeinelly areal Pall 
> 


















Ttale dee e .» Li | 4 
PoF Moet abee hry tue seg! 
ee ey 2 | re ty jogbe: | 







‘ o. 
ane yee 








“OFFA ty om 


1 
Dye ra oeseer sts 
ae 


































































































PEP og ees Teg. Dy ay? 
we is bee foe t i 4 Sates 
Sh. Csi esseees tsa cea be pent ar. “tt 
Fount Boze! ture gis Ru me “F ooatacyanga choy “38g tRe Rese oot 
Ret I ger ve Sad yor Vref 69" Ar whose ab Mee th ten eyes 
Sats : ee Vi Blak Ce otanee Fobree 2 ecse hyo pluses oe oe Ais oe fee 
we . 7 . ALY. eghare edre.s te. Pea < } abe erhap mlyo + ich o°eta 5 heh 
Reoeab tone re del) sepa Ay 1s? wre tehd wen rho Rig Seecce heen gee Bae 
7m 24% a 
u peat 7 oe2 Bape attest eey 











Senter! PET bate slanted 


roe tee 
tS gee ows riphers’ upon ths oi. me 


sur ‘ 
*’ tr eppanta: ate gh, * 
Snape ly 9 ake ee y 


Pere uae 4 * ‘, Pew, nara? 
, Hier begets Bre of? ¢ 


















¥ wes 
WAT ee, 



















AP avsiel oe ‘ 
EH th a Let eon e, tleste, oe patape 
My s ' e 
ovy tery PALS : “tf Add. ait ey Rng 7 Sebse; woe fu de Uh, vette T 
at oe SS-ch ae eles vi opt ne 

yee ere aa on yy ’ 

fey ear i Hee pred Hy t. 





eVfl a 
ret te SV yedde ey 








$f Pad 
eee te mia ky) ete, 














































Sc ceareney, gate 
te 
ON Pheer ge «Fed, age Sate MOE abet 

MEd tetlt wet xe s AS tlhe ETE LST oe 
v iphease ee a tery? 4 * toatl gee he we te oon 
TLS NER OR FOMPSITLE etree sang 1 “hee io’ & 8 
oF $y: Sas yyy ims Pet tteds ee a: FEee> . n nisin 
Trevraeunes by La = ty Dial Cowes AS pops Ba tae + 
sa bande ahd PA ek 7 x i "Ye on ae AS 
A on 79 foe Pate 
PenTigtwts ‘cPye UW 














Arimazec aie ° ‘es ¥ 
cle. ae Smry hy SO Vines 

a aaehesics rete tee ae r 4 sx Hu 

od bidet Ge a 









































be ; 
Acie Oe 8g ye 
; preety o-oo Bote Bf 
te , 

Jury Fh yee mei: bid bors Meee ae reir t < 

ie eee hs ibe Re & DP yg Moyes \ ry "ha o q 
a ; ; BRE AMEE ys | MEET Se atoeane Ne rerpiy oe TY a Oe parte Sieen. a 
AV PAL = SOP ote tl Str mines + nye? yeveee a Meo h s oAneg Ore Liane Ce aarp 
SEAS Web halacthes toy bad 9 pat aey hh oe erntery ary inte Ny inte 2 Ur ae ey irae ane res Ls 
J blied Mk eT Te le BABES da et ee" yes Y pet 
Ph A leg srias > ai AN PTE Sates iney 
rhe onayh serie ag Mh: seers Ne see are oe orl He EPO eeeeh oy y 


‘ 
Hay sities 





vy fA ee 
tale Ades ah interes Serle vw ee 
“gag pres my Ral aha) alot Roe 
“OY OP Beg yh? a wee Se we eurevaneae 
eS A RLS lr ed hd JY shee 
ur ° 
on c alist Smaart 
Lassies ot 


ob fog ett 






































Lederle desig Py tins 
15 Riemer 





, 
dak bell 
VL vrytu cs 
ag, ew 
erty ry PsP 
1 ehh oe beth tang 
S98 wht Ved 2) u 
Cbd oletcs > 
























rari 
sey Ieyeetenat 54 
s LMA here dE ot 
J 












Cees 











a pea 8 bee o8 
Pred ere’ te SM pir 
r ewoey 














Ae? 
he 































































































































































































1. %e) feet, cP GdeAts 1° Gheedme TA 4s, ee "ute 0 8 Oe one mee aeet 

2 She 1258, peo ber yey tebe sb ay Qo win VE OOP eer ore ore OL Rote rat ’ hs 

Mrcrerenis alberta ee n3he. e AS Beer) yeh Hh Tutt ser ory! ws $2 1 steel aby 1P Hon, rerebrtes » th p00 wee Stheey ess uw, 

Bescere7) ee ie 3} Bray ype A thm ane m, 78 Sepers Shiery: “ 2 That bt ey 2 otha of riayte Reg ? 1 _ cise hr oval eel. ngs C toe 

4 we Sih Web TBAS ALY & Cope ge tome Tre beh 1Sut woe Ua Case at BC Wutty Rt 4 onge tied, 
| 4 ze lehc oe Niet» 2 ohe Lee Ti ir RM ‘ “ de tt it a 4, £5 a eant ue ate: 1 1ts% 1c 5 ry a : 1 
hy a q ov O4e be ew we 1P ar )) Le ie Pe) ‘ “2 
: ra yr y — oh y Med Ved A rag} ore hee Ur kees tae Porere seem eg Vessrse ch tht We Ae we bree Ee OMe ee S pte: 8b eae . . o° 
ve oryee “ise 2 a ee oyu in ‘ Levpreyry eu! RAC We) abetp b tease igign avs IC ile Gis ee : ’ — | 
paererene we eethe “Wh sR p7yms bans As TE yet one shar are eter one eat one's Ue th Pe ae ah | a 
< is wha g ' ; ou a] 
oat ae ca ’ we oh woke ponte ns bis “1° Me AS, WP igex Ste 14 osm tye eae Cert ry te Ss 
bt vas: let wake bey Wee i % 70%) RY Arie ior) Maas reed Te 8 Py, er "J, feat Pork ¢ tee SOeUGp oh wa: f eae 
Ae eB se ey P Met frag tt Bye bees woes tile on ¢ S 2 tag, . aes ! ‘ 
it ee At pepicenis ssh ye i ot here oJ Ee ONE Ye a YC Wie A s 
; * hed Sheep ea . oo Paw r 
i aa ee ft Sites Sbemarr ees pete hn 
F 
Sones PE pea rreibte 3 a fin pk tae at % 
Mt etd eis CY 
Late ‘i 










Win? 
antes WY You’ ¥. 
Re) petee yore MSs 





a Use etyesttor Boe 


ad Kali ete and corte y) °F. 


Re ase RA LOTT? 











































Ppa k f Godly es fin 
Phy ata Per clo, hi leo aa Als Pa? * a ot y re a4 
PORES! Bog oe argc ees * : ale rp Soren 
HK EFI© 9 doe herons adore 9 sal EAA ® whe; nl Wibbe Vey } ty ity ‘ 
tad iSletpereaer gs st ae aah Vir tees 
Se boete oT tite: We =f +P . 
te aisle oFheae yy ah ror ate a: fy iat 










tn 2 cA wnt 
a 


HEM 


% va “ame wil 
































































1 piled . 
é Ju wuts i . e 1 
Ors Bae sye “a .. . tat «hg 
iv bor Teese” ‘ 4 ue iat Ly P. vanes apatoigen sie” fa) ue Noe nea a. ue 
. c q Lt ° th , ¢ 
behee es Soers sling Drang bee aay Won sarpacitisteys th . eantas 8208 oh hoe gtghls omAt ony See perureusans kept i a 
Ly ky viteaynant Yh AS s 08.4 Pr VPage 1 eekiiy YL Prateb a” CHES ieee ges oka? 
* Bost ee at toed OY 1G des 8 oe 
D 





afte 


LN ALF 
eae 


wer mira 1 


